with myelomatosis. When used as antigens, a single Bence-Jones protein is homogeneous, but two types exist among a collection of these proteins, types I and II (Fahey 1962) . Antisera to these can be used to classify normal immunoglobulins by means of their 'light' chains into types I and II. Normal 7S y globulin is apparently about 2/3 type I and 1/3 type II. These few facts have been selected from current researchmuch of it being conducted in the USA partly to indicate the trend toward a fresh orderliness of thought in relation to the immunoglobulins, partly to stress the need to plan tests on all disorders of immunoglobulin production with such a framework in mind. There are currently suggestions (cf. Franklin et al. 1963) for the classification of genetically transmitted immunoglobulin deficiencies interms of failure to produce, say, 'slow' component (which should reduce the production of all forms of immunoglobulin) or to specific failures of one form or another of 'fast' component (with reduction in only one immunoglobulin). Such ideas would place the basic genetically-determined defect at subcellular particle and enzyme level. To determine the validity or otherwise of such suggestions many more facts are required. For instance, are the small amounts of 7S y globulin found circulating in affected patients with hypogammaglobulinxmia made up of the normal proportions of type I and type II 'light' chains, or is only one of these absent? Data are still-lacking to answer such questions, and the answer may well be different in, say, the primary familial condition of male children and in the adult females without a specific family history. Some, at least, of the deficiencies are probably better explained in terms of cell maturation or colonization. Tests of both kinds of theory, as well as practical benefit, are especially likely to accrue from current studies on immunoglobulin maturation in infancy, particularly in infant siblings from hypogammaglobulinavmic families.
Professor Nicholas H Martin (ChemicalPathology Department, St George's Hospital Medical School, London) The Overproduction of Immunoglobulins In modem medical research we must be alert lest we be engulfed in a mountainous sea of pseudotechnical terms. This is peculiarly true in modem immunology. The coupling of immunological with electrophoretic methods of identification pioneered by Williams & Grabar (1955) showed that proteins of a wide range of mobility were capable of reacting with antisera prepared against and 'specific' for y globulin. Heremans (1959) suggested the name 'immunoglobulins' to cover this group of proteins. This has some attraction for the chemical pathologist because it avoids the use of electrophoretic terminology in a situation in which it cannot be applied with propriety.
Definition ofHypergammaglobulinwmia
The first matter to be agreed is the increase that constitutes hypergammaglobulinaemia for the main bulk of accurate data comes from electrophoretic measurements and refers primarily to the slowest moving of the gammaglobulins.
The normal levels for the adult range from 750 to 1,000 mg/100 ml serum. In routine practice it is prudent not to report a significant excess of y globulin below 1,250 mg/100 ml. These values cannot be accepted for the young child and infant. Table 1 shows the average ranges for children up to 3 years of age and indicates that from the first month up to 3 years anything over 1,000 mg/100 ml must be regarded as hypergammaglobulinemia. The groups on which these figures are based are relatively small compared with the data available for adults. They should therefore be treated with caution.
Cellular Origins ofthe Immunoglobulins
It is generally agreed that the immunoglobulins originate and are released from cells of the lymphoreticular system, particularly the plasma cells or the precursors of plasma cells.
Section ofPathology
In 1948 Fagraeus produced substantive evidence to show that increases in circulating immunoglobulins were associated with increases in the plasma cell population of the body.
It is possible in conditions such as chronic hepatitis to obtain a crude correlation between the plasma cell population of the bone marrow and the concentration of circulating immunoglobulins (Martin & Neuberger 1957) .
Using specific antigens, fluorescent antibody techniques indicate the presence of antibody in the cytoplasm of the plasma cell, more especially the young plasma cell. These cells when examined under the electron-microscope show a characteristic 'lamellation' of the endoplasmic reticulum (Martin 1962 ), a feature shared with the cells of other exocrine tissues. The primitive cells of the lymphoreticular system may also show these characteristics. Zucker et al. (1961) have shown that the primitive lymphoreticular cells are partially rich in l9S y globulin. However, it must not be assumed that the intracellular form of the immunoglobulins precisely mirrors their extracellular form.
There are a number of 'tumours' of the lymphoreticular series with which hypergammaglobulinemia is not regularly associated, such as the reticulosis, reticulum cell sarcoma and lymphosarcoma. It is reasonable to assume that its occurrence in these depends on the metabolic state or rate of multiplication of the specific cell, in so far as this affects the production of material recognizable as immunoor y globulin.
Heterogeneity ofthe Immunoglobulins
One of the problems in any detailed study of the circulating immunoglobulins is their evident heterogeneity, and the fact that excess of one species may occur independently of another.
Inspection of electrophoretic analyses of sera containing significant increases in y globulin suggests two broad groups: those in which the increase is diffuse and by implication heterogeneous, and those in which the increase is confined to a discrete band out of the total pattern and by implication electrophoretically homogeneous globulin. Some of the commoner conditions more regularly associated with excessive diffuse increases are shown in Table 2 , while those commonly associated with discrete inc-reases are shown in Table 3 . It is evident that a very wide range of extrinsic stimuli may result in a pouring of immunoglobulins into the vascular space and Table 2 is by no means an exhaustive analysis of these stimuli.
It is important to realize that if we produce hypergammaglobulinemia in an adult by the injection of a specific antigen and then compare the estimates of the amount of y globulin mobilized, Table 3 Conditions associated with discrete increases of immunoglobulins
The myelomatoses and associated conditions The macroglobulinremias Essential benign hypergammaglobulinaemia obtained by immunological and physicochemical techniques, the discrepancy is such as to suggest that the accelerated globulin synthesis is associated with the production of impotent materialimpotent, that is, to the specific antigen used to stimulate globulin production.
Cryoglobulins
Cryoglobulinemia, the spontaneous precipitation of globulin as serum cools from body temperature to 200 C or lower, is essentially a function of the relative or absolute concentration of individual serum proteins. The cryoglobulins are almost without exception immunoglobulins and their demonstration depends on the relative concentration of these to other serum proteins, more particularly albumin. Table 4 lists conditions in which cryoglobulins are most commonly observed. Ultracentrifugal Analysis ofthe Serum Globulins In the last ten years it has become common practice to group the immunoglobulins according to their mass so far as it is indicated by ultracentrifugal analysis. On this basis two families of normal immunoglobulins have been described, the 19S globulins and the 7S globulins. The 19S globulins are present normally in relatively small quantities up to 150 mg/100 ml and rarely above 250 mg/100 ml. At these levels this family is not easily detected by direct ultracentrifugal analysis of human serum and one must rely on immunological techniques. Immunochemical studies suggest that the levels of these two globulins may fluctuate independently of each other and it is certainly true that when detailed analyses are made of the pattern of circulating globulins in macroglobulinaemia the increase in 19S globulin is 10 to 20 times that of the 7S globulin. We believe that the production of these two groups is related to the maturity of the cell species from which they springthe more primitive the lymphoreticular cell the more likely it is to excrete the larger molecule in excess.
It is unfortunate perhaps that the title 'macroglobulinaemia' has been attached to the syndrome first described byWaldenstrom (1944) . There are a number of morphological studies which may be associated with demonstrable excess of circulating 19S globulins. Moreover,awide range of globulins of unusually high sedimentation rate other than the 19S globulins are not uncommonly demonstrable in the sera of patients suffering from myelomatosis (Kekwick 1940) .
Architecture ofthe Immunoglobulins
In the past three years careful chemical degradation of the immunoglobulins, more particularly the 7S y globulins, has thrown new light on their structure and inter relationship (Edelman & Poulik 1961 , Mannik & Kunkel 1962 , Fleischman et al. 1962 . Using the nomenclature suggested by Porter and his collaborators it appears that normal 7S y globulin is composed of two species of polypeptide chain, the A chain having a molecular weight of 50,000, and the B chain having a molecular weight of 20,000 (Fig 1) . These chains differ in many respects besides size and are contrasted in Table 5 . They are linked together by disulphide bridges in the intact molecule. Normal 7S globulin appears to contain two A and two B chains. It may be that future studies will show that the A chains are complexes of smaller units but for the moment the four subunits determined by the rupture of five disulphide bonds are clearly demonstrable and useful. (1963) Purified samples of the 19S (y1M) immunoglobulin consist of A and B chains in similar proportions to those in 7S y globulin. Detailed optical rotatory studies of the two species (Callaghan & Martin 1963 Martin , 1964 show similar anomalies of behaviour, suggesting an overall analogous arrangement of individual chains in the two molecules even though they differ so markedly in size. The B chains of both species have common antigenic components so that antisera prepared against a 19S globulin may appear to react against 7S globulin unless care is taken to absorb out the 'B chain component' common to 28 Du, UUU Cl both. In contradistinction, the A chains, containing the carbohydrate moiety, appear to be specific for the individual proteins. Cohen (1963) and Cohen & Porter (1964) , investigating various pathological as well as normal immunoglobulins, concluded that there is no gross variation in the relative proportion of the A and B chains in the different proteins; also that the demonstrable differences in mobility between the various proteins are collated with differences in A chain mobilities and not with differences in B chain mobilities.
In a careful study of the B chains isolated from globulins obtained from individual patients suffering from myelomatosis, Cohen & Porter (1964) have demonstrated a clear-cut deviation from the normal pattern.
Analysis of isolated B chains in 8M urea 0035 glycine buffer in starch indicates that normal 7S y globulin and y,M globulin contain ten or more subfractions r, to lo and react to both Bence-Jones type I and type II antisera (Mannik & Kunkel 1962 , 1963 . Analysis of the B chains from the y globulins of patients suffering from myelomatosis suggests that they are simpler in form, having one or at the most two subfractions corresponding to any one of the normally occurring B chain groups. Thus bands resembling B3, B4, B5 and B6 on starch analysis have been identified in individual sera from such patients. The structure of the myeloma y globulin is simpler than normal y and simpler specifically with respect to the B chain. The accumulation of evidence suggests that Bence-Jones protein itself is a 'primitive' B chain and it has been the practice in the preparatibn of more or less specific antiglobulin sera to absorb out the crude antisera with purified samples of Bence-Jones protein.
In many patients with myelomatosis it seems there is overproduction and release of simple B chain as compared with A chains, for the ratio of A to B chain in the circulating globulins does not appear to alter. Such a concept would ,fit very well with the studies of Putnam et al. (1958) which indicated that, following the injection of 14CClabelled glutamic acid, labelled Bence-Jones protein appeared in the blood stream at approximately the same time as the labelled myeloma globulins.
'A-chain Disease' The A chains are much less amenable than the B chains to detailed inspection. Nevertheless, if one of the features of myelomatosis is excessive production of unsophisticated B chains, it is reasonable to speculate on the possible existence of a lymphoreticular defect associated with the overproduction of A chains or recognizable fragments of A chain, such as the F fragment in Fig 1. Franklin's syndrome (Franklin et al. 1963 ) may represent such a situation.
The patients with this syndrome have a generalized lymphadenopathy which tends to wax and wane. They are susceptible to infection and Franklin's patient had respiratory distress associated with palatal cedema. Two cases described by Osserman & Takatsuki (1963) have had demonstrable splenomegaly. The histological appearances of lymph nodes show atypical reticulo-endothelial hyperplasia or resemble an atypical malignant lymphoma. In spite of marked proteinuria there is no demonstrable evidence of renal damage. Electrophoretic analysis of the urinary proteins demonstrates that the principal constituent is a fast-moving y globulin, though this protein when isolated has not the solubility behaviour of Bence-Jones protein. Analysis of serum proteins shows a discrete globulin band moving in the y' region. This protein is relatively rich in carbohydrate. Neither protein appears to react with antiserum prepared against theB chains though both react with antiserum prepared against 7S Y2 globulin.
As we-perfect a technique for satisfactory separation and identification of the A chains it may well be that we shall be able not only to build up a rational picture of excessive excretion of the immunoglobulins, but also to increase greatly our understanding of the reticuloses and reticulum cell tumours that have been such a problem to morbid anatomists over the years.
